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SECTION  I 


INTRODUCTION 

The  object  of  this  study  is  to  compare  simulated  firing  results  — 
obtained  from  a  digital  computer  program  --  with  actual  firing  data. 

"The  Digital  Computer  Program  for  Interior  Ballistics"  by  Sidney  Kravitz 
(Reference  1)  was  used,  and  this  program  was  restricted  to  Problem  2  and  3. 

In  Problem  1,  burning  rate  divided  by  web  (B/W)  and  charge  weight 
are  given  and  the  computer  will  calculate  maximum  pressure  and  muzzle 
velocity. 

In  Problem  2,  maximum  pressure  and  charge  are  given  and  the 
computer  will  calculate  muzzle  velocity  and  B/W. 

In  Problem  3,  maximum  pressure  and  muzzle  velocity  are  given  and 
the  computer  will  calculate  charge  and  B/W. 

A  study  of  Problem  1  was  omitted  from  this  report  because  its 
solution  depends  on  a  B  value  which  is  not  part  of  the  firing- data. 

A  study  is  under  preparation  which  will  endeavor  to  calculate  theaa 
B  values  and  use  them  in  Problem  1. 

In  Section  II,  simulated  and  actual  firing  data  are  tabulated 
for  eight  weapon  systems.  Also  listed  are  percentage  errors  and  the 
burning  rate  factor  B  for  Problem  2  for  various  pressure  ranges  and 
propellants. 

A  discussion  of  the  results  is  given  in  Section  III. 
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(CONTINUED) 


SECTION  III 


DISCUSSION  OF  RESULTS 


V  V 

Host  of  the  velocity  variations  for  Problem  2  firing  -  simulated  x  100 

vfiring 

were  about  27.  or  less. 


In  Problem  3,  the  charge  variations 
ranged  from  0.87.  to  16.257.. 


Cfiring  -  ^simulated  x  100 
cfiring 


In  some  instances,  although  an  answer  was  obtained  from  Problem  2, 
the  same  data  in  Problem  3  gave  no  solution.  This  occurred  in  the  M68 
105mm  Gun  and  the  M41  90mm  Gun.  Problem  2  seems  to  be  the  most  reliable 
of  the  two  types  of  problems  and  B  values  for  Type  2  problems  were 
calculated  for  all  weapon  systems. 

B  is  defined  as  the  burning  constant,  dependent  on  the  chemical 
properties  of  the  propellant.  In  the  equation  of  the  assumed  rate  of 
burning,  R  is  the  rate  of  burning,  B  is  the  burning  constant,  P  the 
pressure  of  the  gas  surrounding  the  burning  grains  and  n  an  exponent  near 
unity.  This  equation  is  given  by  R  -  BPn. 


Generally  ai  experinantal  B  is  determined  from  closed  bomb  firings, 
in  which  the  volume  is  constant.  This  B  usually  differs  from  experimental 
Bs  from  field  tests  in  which  the  volume  is  constantly  changing  as  the 
propellant  burns. 


The  assumptions  upon  which  the  ballistic  calculations  are  based 
do  not  accurately  account  for  energy  losses  and  inef ficiences  in  the 
actual  ballistic  systems.  Therefore,  when  calculations  are  made  from 
actual  ballistic  firings  the  effect  of  these  factors  are  accumulated  in 
the  B;  and  it  is  found  that  for  a  given  propellant,  B  varies  with  the 
weapon  system,  the  ammunition  and  pressure  level  with  trtiich  it  is  fired. 
Appendix  A,  "B  versus  Pressure,"  illustrates  this  dependency.  If  B  were 
independent  of  pressure,  the  graph  of  the  8-Inch  or  155mm  Howitzer  would 
be  a  vertical  line  of  constant  B  for  varying  pressure.  Instead  it  is 
parabolic  in  shape.  If  B  were  independent  of  the  weapon  system,  the  graphs 
of  the  8-Inch  and  155ran  Howitzer  would  coincide.  This  is  to  be  expected 
since  the  propellants  used  in  both  systems  were  of  identical  chemical 
composition  and  granulation.  However,  they  do  not  coincide  —  the  B  value 
for  the  8-Inch  Howitzer  is  always  less  than  the  155mm  Howitzer. 

Typical  values  of  B  are  tabulated  in  Appendix  B.  These  values  were 
calculated  from  actual  test  data,  and  will  be  useful  for  predicting  a 
rough  estimate  of  web  size  from  the  output  of  Type  2  problems.  In  selecting 
a  B  value  from  the  list  in  Appendix  B  for  a  given  propellant,  use  the 
value  of  B  closest  to  the  weapon  system  and  pressure  level.  It  is  expected 
that  as  more  data  is  gained  from  different  weapon  systems,  propellant 
compositions  and  pressure  levels,  the  table  of  Bs  will  be  expanded. 
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SECTION  IV 


CONCLUSIONS 

The  Digital  Computer  Program  for  Interior  Ballistics  was  found 
most  useful  in  doing  Case  2  problems  where  maximum  operating  pressure 
and  charge  are  given  and  velocity  is  to  be  calculated.  Reliability 
in  reproducing  field  data  is  good  --  within  2X  in  most  cases. 

This  program  will  be  valuable  in  estimating  charges  and  velocities 
for  new  weapon  systems.  Web  size  for  propellant  granulation  may  be 
estimated,  also  using  the  B  values  in  Appendix  B.  Other  B  values  for 
different  propellants  and  weapon  systems  not  given  in  the  table  may 
be  easily  calculated  with  this  program  and  sufficient  field  data. 

Each  calculation  requires  two  IBM  Data  Cards  and  about  two 
minutes  of  machine  time.  Thus,  many  hours  of  laborious  written 
calculations  may  be  eliminated  and  many  solutions  obtained  in  a 
materially  shorter  time. 
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APPENDICES 


APPENDIX  A 


CHART 


APPENDIX  B 
TABLE 


- 


TYPICAL  VALUES  OF  B 


Weapon 

75n*n  Howitzer 
76mm  Gun 
90dib  Gun 
105mm  Howitzer 
105mm  Gun 
155mm  Howitzer 
155mm  Howitzer 
175mm  Gun 
175mn  Gun 
8-Inch  Howitzer 


(Burning  Rate  Factor) 


Preasure 


(pai) 

Propellant 

B 

25,000 

M2  SP 

0.00436 

50,000 

M2  HP 

0.0039 

50,000 

Ml  7  MP 

0.0103 

6,500 

T36E1  SP 

0.0144 

60,000 

T36  MP 

0.00829 

10,000 

Ml  SP 

0.00440 

20,000 

Ml  MP 

0.00950 

20,000 

M6  MP 

0.00450 

50,000 

M6  MP 

0.00500 

15,000 

Ml  SP 

0.00430 
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This  program  will  be  valuable  in 
estimating  charges  and  velocities  for  new 
weapon  systems. 
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calculations  may  be  eliminated  and 
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using  two  IBM  Data  Cards  and  about  two 
minutes  of  machine  time. 


-17- 


UNCLASSIFIKD 


i  < 


Digital  Computers  — 

Interior  Ballistics 

Levy,  Stuart 

Me  Mains,  Forrest 

Interior  ballistics  computer 

study 

UNITERMS 

Actual  firing 
Simulaced  firing 
Digital  computer  program 
Interior  ballistics 
75mm  Howitzer,  M1A1,  M3 
76mm  Gun,  Ml,  M1A2 
90mm  Gun,  M41 
105mm  Howitzer,  XM103B 
105mm  Gun,  M68 
155mm  Howitzer,  M2 
175mm  Gun,  Ml 13 
8- Inch  Howitzer,  M2 
Levy,  S. 

Me Mains,  F. 


•  --  i  s  •t'*isrv..a*i*6  xsa^.:. -i  -.ja?*r*** .v<*sa*SSt48gtt^‘^'^*ys‘'':+' 


s'* - 'jU-1-  .. 


Q 

u 

E 

K 

3 

£ 

D 


•o 

s 

8 

tC 

S 

X 


ill 

«  te3 

i-§  8 

Ex'" 

s  gJi 

.2  .a  o 


II 


1 


C  V 
•=  V, 
Jt  S' 

■8  c 

■I  a 
2  s 

£* 

1  = 

4> 

E  •£ 

fa 

6o  o 

B  *“ 

Ci-  g 
2  *3 

£  3 


£  «  o 

IIS 

ll-s 

1  n 

JS  c  « 

wh  .2  «2 

°  *5^ 
g  scj 

2  -o  « 

isj 

Us 

|  * 


P  sis  if  i 

2  jOKOj 

3  I«i«l^i 

gSSSSl: 


j! 


i-i 

S  x 


.§ 


ac< 

“  4) 

*1 

E 


•S  | 

aj 

mS  V) 

■8  g 

II 

£5 

S* 
&  s 

h 


2  v  ^ 
I!  O 

III 

II! 

s «  o 

h« 

!iH 

0  O  T3 

l.s 

J  c  < 

■sf-S 

1  8(3 

2  -n  m 


fSJ  5 


w 

II 


5 

s£ 


a 

w 

E 

00 

CO 

2 

u 

2 

3 


-8?S? 

ss!sj 

c  i  o  i  ’S  u. 
.1010.5 

Q 

W 

E 

35 

1/5 

3 

90  mm  C 
105  mm 
155  mm 
175  mm 
8-Inch  H 
Levy,  S. 
McMains 

u 

2 

D 

o 

2  (A. 


liS-l 

§bbI!1 


i  I  8 


TABLE  OF  DISTRIBUTION 


TABLE  OF  DISTRIBUTION 


1. 

Commanding  General 

Copy  No 

U.  S.  Army  Materiel  Command 

Haahlngton  25,  D.  C. 

ATTN:  AMCRD-PJ),  Ballletlce 

1 

2. 

Commanding  General 

U.  S.  Army  Munitions  Command 

Dover,  New  Jersey 

ATTN:  AMSMU-AA 

2 

3. 

Commanding  Officer 

Plcatlnny  Arsenal 

Dover,  New  Jersey 

ATTN:  SMUPA-VA6 

3-7 

SMUPA-DX1 

8-9 

SMUPA-DR3 

10-19 

SMUPA-DR6 

20-26 

4. 

Harry  Diamond  Laboratories 

Van  Ness  and  Connecticut  Avenues 

Washington  25,  D.  C. 

ATTN:  Technical  Library 

27-28 

5. 

Defense  Documentation  Center 

Cameron  Station 

Alexandria,  Virginia 

29-48 

6. 

Commanding  General 

U.  S.  Army  Missile  Command 

Huntsville,  Alabama 

ATTN:  MTP 

49 

TRT 

50 

Technical  Library 

51 

7. 

Commanding  General 

U.  S.  Army  Test  &  Evaluation  Command 

Aberdeen  Proving  Ground,  Maryland 

ATTN:  BRL,  Interior  Ballistic  Laboratory 

52-53 

OTIO 

54 

D&PS 

55 

Technical  Library 

56 

8. 

Commanding  Officer 

Naval  Proving  Ground 

Dahlgren,  Virginia 

57 

-18- 


TABLE  OF  DISTRIBUTION  (CONT'D) 


Copy  No. 

8.  Commander 

U.  S.  Navy  Ordnance  Laboratory 
8050  Georgia  Avenue 
White  Oak 

Silver  Spring  19,  Maryland  58 

9.  Commanding  General 

Air  Development  Command 
Wright  Patterson  Air  Force  Base 

Dayton,  Ohio  59 

10.  Department  of  Ordnance  and  Gunnery 
U.  S.  Military  Academy 

West  Point,  New  York  60 

11.  Commanding  Officer 
Frankford  Arsenal 
Bridge  and  Tacony  Streets 

Philadelphia  37,  Pennsylvania  61 

12.  Commanding  Officer 
Watertown  Arsenal 

Watertown  72,  Massachusetts  62 

13.  Catholic  University 
Washington,  D.  C. 

ATTN:  K.  J.  Laidler  63 

14.  Canadian  Armaments 

Research  &  Development  Establishment 
Valcartier,  Quebec 

Canada  64 

15.  Commanding  Officer 

Anmunition  Procurement  &  Supply  Agency 
Joliet,  Illinois 

ATTN:  SMUAP-AE  65 

16 .  Commandant 

U.  S.  Army  Ordnance  Center  and  School 
Aberdeen  Proving  Ground,  Maryland 

ATTN:  AISO* SL  66 


-19- 


